HEREEIR 2015, 33(4) ; 448~457
Plant Science Journal

DOI:10. 11913/PSJ. 2095-0837. 2015. 40448
LA R EREEERM FfE S S ERY LB 32
RoE, FEN, RAA, TR

(PR A KA Rk B, mE ot 210095)

W OE. R ARERNE R (Setaria viridis (L.) Beauv.) i #HIEMERI2E S, T A FAR ST i IS A8
5, ARFFELATLIR 15 AR AL AR, SR A D) R R R IR Ay it B T ke o ik 3R e R i 86 0 T 45
SESERT T OSSN E , TR A R R AT R R 2R M X 3 e Kt R DD D ) S BRI T )
Bro SRR, AFJERAERR 17 DRAMRA R F5, M BRISERERS 3% 5 40 5L 52 2 S e RO
SRS | PATIKAEAS AR FERNTERE | mh e BRISERE | e Jok A DR i R 08 A b e A AR [ R AR 2 S
BIFENR, [N SeES A RE 7 i e T R e B e RS RE ) . R SSLAS O RIE AN R it RE ) .
RAGTIEER TR, WRFR A5 ANEREHRI R 328, HEABAMEAYIS, B, KhFEhmEe, ihE
FEL IR R R R A R R | AR IR A | DR R R A R B AR g R, (H AL R s, R
WIix 3 NSRRI M T T MG 5, A S0 J2 R e FEAS () A 45 v ™ A 9 S [ 8 B A8 S5 43 T X A R
B A 25 PRI LA T

KEEIR: MR SRR, MR RIS

hESES: Q445 SCHRERIRAD . A N EHS . 2095-0837(2015)04-0448-10

Comparative Studies on Leaf Anatomical Characteristics of
Setaria viridis in Different Populations in Jiangsu

CHEN Jie, LI Yu-Shuang, PANG Li-Li, WANG Qing-Ya”"

( College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract. We investigated leaf variations under different environments to reveal the differences
in leaf anatomical characteristics of Setaria viridis (L.) Beauv. among 15 populations from
Jiangsu Province. Using paraffin sections and improved methods, microscopic observation
and measurement were performed to determine the characteristics of the epidermis and
transverse section of S. viridis leaves. Coefficient of variation, principal component analysis
and cluster analysis showed that 17 anatomical characteristics in the leaf epidermis and
transverse section from the different populations exhibited marked variations. Among these
characteristics, thickness of midrib and abaxial epidermis showed the largest coefficient of
variation. Principal component analysis indicated that thickness of leaf, height and width of
parallel bundles, thickness of midrib, and height and width of midrib bundle were prominent in
phenotypic variations. These structural characteristics showed the transporting and supporting
capacity, features of stomata and anti-adversity ability of leaves. Cluster analysis demonstrated
that the 15 different populations could be classified into three groups, which matched with the
population distributions. Thickness of leaf, height and width of vascular bundles, thickness of
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bulliform cells and stomata density increased gradually among populations on the waterside
and in alkaline land, wasteland and mountainous regions with decreasing stomata size, while
drought resistance increased in order. These results suggested different variations under
different environments, which is of great importance to the ecological adaptability of S. viridis.
Key words . Setaria viridis (L.) Beauv.; Populations; Leaf epidermis; Anatomical structure
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Table 1 Distribution and habitat conditions of 15 Setaria viridis populations
" . . BRI K i Jsting
[t o g G TR FHIREKE AT H R .
’ RAEHD ; ! Annual Annual Annual Mg
Population ) - Altitude Latitude and S . .
No Population origin (m) longitude temperature  precipitation  sunlight Habitat
' (C) (mm) (h)
A e 34°12'58.59" N, 32
1 YL T 2= e i 69.0 119°09'35.99" E 14.0 930.0 2284.0 Waterside land
; " 31°25'58.93" N Wi
b R B ’
2 {Tﬁ‘j(@ﬁii}ﬁﬁt\xiﬁﬁﬂﬂ 19.8 121°07'78.34" E 15.3 1017.0 2013.0 Waterside land
; ; 33°13'72.38" N G
3 TLAMRIIAE 107 1200492006 E 14.1 1042.2 2238.9 Alkaline land
T g g o 34°55'16.79" N, S uEN TR
4 A SN 71 1951904 03 E - 13.2 o764 26421 Alkaline land
e 31°58'09.42" N, PRI
5 UCHREEIIIK 210 U teoms o5t £ 15.0 11000 22000 Wasteland
N ) 31°17'51.08" N PRI
ST 7% 8 [} =3 - ’
6 VIR B 1 R 8.1 119°08'49.14" B 15.5 1152.1 1992.5 Wastoland
N - 31°34'10.92" N %371 i b
ST % Yl 5
7 YL A T VR A 105 5 o0358.97 B 15.5 1022.5 1960.9 Wastoland
NI 34°15'00.21" N B S
8 TLA BRI L X 8.7 117°10'53.20" E 145 8024 2280.0 Wasteland
- . 32°09'03.05" N B b
VLA )Tl 5 A : : : :
9 /J_ﬁé /'ﬂﬁ'rﬁﬂ:_ﬂ—/‘;ﬁi 39.8 119°05'11.78" E 15.2 1058.8 2157.0 Wasteland
[N 32°03'06.09" N 3 S
10 LA R R R 34.0 118°50'45 61° E 15.4 1106.5 1628.0 Wasteland
S 32°03'30.10" N PRSI
VLI REH . ’ . . .
11 {Tﬂﬁ_(mﬁﬁﬁj‘iFElt\ 47.2 119°17'52.97" E 17.5 1149.7 1932.9 Wasteland
N PN — 34°43'42.10" N 11 Hb
D b 2 ’
12 LA il = 5168 ig9006117.46" E 141 943.3 25877 Mountainous region
N 32°07'46.53" N 1ih
T A AT Sk ’
18 AR E S 398.0 119°05'18.52" E 15.4 91.0 2113.0 Mountainous region
N . 32°04'20.35" N 1h
VLI T 54 . i . . . : .
14 MINE N A 4022 119050100 56" E 15.7 1021.0 16288 \ountainous region
15 SR 6054  SH3908.18 N, 14.1 883.6 2587.0 i3t

119°17'27.76" E

Mountainous region
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Table 2 Characteristics for Setaria viridis leaf epidermis across 15 populations
e o PRIAMIEE e FREKAMKE  FRiaaakn o MR
Population Cuticular Th.lckne'ss of . Thickness of abaxial Long cell length Short cell length Densny of apamal
No. thickness(um) ~ 2daxial epidermis = o mis (um) (um) (um) emdewmg
(um) (No./mm*=)
1 1.69+0.17 bc 6.91+1.08 cd 1451+1.76d 77.25+8.34 bcd 14.71+£1.53 bcde 870.02 +83.99 bcde
2 1.77 +£0.70 de 6.61+1.29 cd 18.61+258 cd 99.86+1.84 a 15.46 £1.98 bc 74470 £66.73 e
3 1.68 +0.40cde 7.83+1.70 bcd 18.05+3.07 cd  80.06 +3.98 bc 17.94+0.73 a 956.73 £64.08 bc
4 1.96+0.23 bcde 6.27+1.01 cd 16.46+2.76 cd  82.80+5.05 bc 15.78 £0.53 bc 978.52+40.72 b
5 1.72 £0.47 cde 10.52 £2.59 ab 20.85+0.65 bc  75.36+2.84 cde 14.99+0.40 bcde 874.25+19.39 bcde
6 1.65+0.17 de 8.16 +2.08 abcd 15.29+1.08 d 83.19+£5.01 bc 14.13+0.34 cde  946.13+72.54 bc
7 1.78 +£0.68 cde 6.83+2.07 cd 17.66+0.88 cd 81.55+5.44 bc 14.93 £0.92 bcde 1452.25+103.85 a
8 1.62+0.10 ab 8.79 +£2.54 abc 20.95+3.37 bc  77.44+9.09 bcd 13.02+1.27 ¢ 913.45 +97.55 bcde
9 1.61+0.38 de 7.11+£1.66 cd 156.25+1.47d 79.19+4.91 bc 13.80+0.82 cde  955.87 +£20.22 bc
10 1.48 +0.71 cde 6.69+0.89 cd 17.30+1.63 cd 83.56+3.94 bc 14.67 £0.86 bcde 991.24+83.92 b
11 1.52+0.28 de 8.44+0.76 abcd 18.71+1.80cd 88.10+2.03 b 16.32+0.18 bcd  796.04 +60.43 cde
12 1.52+0.20 e 6.06 +0.24 cd 20.37£5.09 bc 83.97+11.83bc 16.13+1.45Db 767.56 +177.37 de
13 1.80+0.37 a 571+0.70d 16.69+3.11 cd 66.69 +£6.00 de 13.94+£1.03 cde 951.63+141.26 bc
14 1.89 +£0.03 bcd 7.95 +0.47 bcd 29.79+1.31 a 67.58 £5.94 de 13.30+0.78 e 934.67 £33.95 bcd
15 1.79+0.04 de 10.91+£0.32 a 24.26+2.10b 65.24 +6.60 e 13.35+£0.79 de 982.34 +142.73 b

W FFIAR/NG FBERRTE 0.05 KV L2573, T,

Note. Different normal letters in the same column indicate significant difference at the P < 0.05 level. Same below.
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A. Adaxial epidermis of leaf; B. Abaxial epidermis of leaf; C. Leaf transverse section of midrib; D. Leaf transverse section of
parallel veins; E. Leaf midrib bundle; F. Leaf parallel bundle.
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Microscopic characteristics of leaf epidermis and transverse section of Setaria viridis
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Table 3 Characteristics of stomatal apparatus of the abaxial epidermis of Setaria viridis across 15 populations

Eyiiacd

Population No.

SALKEE (um)
Stomata length

KALTEBE (um)
Stomata width

AL (No./ mm?)
Stomata density

SALFREL( %)
Stomata index

1

0 N O O b~ W N

11
12
13
14
15

26.16 £1.90 bcde
23.44 +1.43 fg
30.00+0.20 a
27.93+1.89 ab
27.72 +1.08 abc
23.99 +0.38 efg
25.75 +2.11 bcdef
23.27 +1.74 g
25.22 +1.54 cdef
24.78 +0.29 defg
26.61+1.05 bed
27.56 +1.50 be
22.68+1.07 g
25.53 +1.11 bedef
25.63 +0.36 bcdef

14.76 +1.71 cdefg
14.21 +0.81 defg
18.62 +0.67 ab
16.083 £0.70 cdef
16.77 £0.51 bc
13.98 +0.89 efg
16.21 £3.36 cde
14.24 +£1.32 defg
12.83+0.26 g
14.26 +1.21 defg
16.23 £0.34 cde
19.36 £0.26 a
16.53 +1.55 bed
13.72+0.72 fg
13.85 £0.51 efg

179.53 +15.37 bcd
157.85+28.96 d
168.97 +9.81 cd
183.02 +17.99 bcd
220.23 £35.29 abcd
222.51 +£29.44 abc
214.28 +51.19 abcd
226.06 +45.11 abc
202.26 +12.31 abcd
200.67 +38.31 abcd
2038.22 +11.19 abcd
181.00 +43.28 bcd
263.39 +41.17 a
237.69 +11.58 ab
249.28 +44.78 a

17.11+1.29 de
17.49 +1.33b cde
15.01+1.47 ¢
15.76 £1.81 e
20.12 +£2.21 abcd
19.04 +1.65 abc
18.37+3.38 e
19.84 +1.61 abcd
17.46 £0.60 bcde
16.84 +£1.87 cde
20.34 £1.94 ab
19.08 +1.19 abcd
21.68+0.47 a
20.27 +2.59 abcd
20.24 £1.42 bcde
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R AR TEAN A R R 22 R % (P < 0.05)
2.1.3 MREEHA
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T, RIGRIBIT A, DR, 280 Tt
Do 171 I 11117 AR o R VA 71 ) < 1
[\, FRE VMG E TS, FEHE A T 4l i At
REEHERE EWSAL, ARZE, 805 AR
A, HEFEERAS ORI R T RENS . AHIE ST
15 MR R R AR EMME, 35, 4
SECEARD, HREBEL,

2.2 MRAEYIENERESITE

R i P 2 R R R AR DY L A i A
b FREYIM A ZAM R, R b TREY
BAFZE, EREAWRN, HAARH KT
MR AN, T O SR AR 4L, kR
SEATHENK, AR R A SR AL AL, KR R
A BRAMIIAERE A, I PR 40 S R T 4 R
MR, SfEHR7 (B 1. C. D),

2 4 £ 502 0T LB LK e 28 s 1k, 38
HABSRPOEE, nIB 1k B 5 R 15 F,
DOUEHUR Y — AR W LB, 15 (3
BEME L, TREWAWRZE, B ARE,
SR BB TR, MR A R)R R
A IE R 1. 52~1. 96 um(FK 2), Jaltn 225
BE(P<0.05), b, FTHAEZEEAR, @
THABEEET LARE,

pUE -3 2 1) ==X AU o G T v i g T N Uy
JELE L e BB B R, G kAL R
WHAE, g 4 T, 15 NEBER R E N
112.37~215. 44 ym, JEE KK E 14 5ERE,
RAME 2 SERE, BRABCN 15.96%, KIEEE
250 (P <0.05); & /EEEH kIS B A
193.30~453. 26 ym, JEJE R K& 14 5 E B,
BN 1 SRR, AR RN 26.74%, KJEHE

mZFEE(P<0.05),

MRS RN S, i kRS R K, P
TIBkAEE oA 2 B, —Fh P BRAEAS SRR /N, S —
FOEE /N (1. C~F) o BR4ESE o il AR BT 6
PR R A, AR AEIE L3R, #I
TRREIE R R A, KA AT IR 4 R Y 4
WHAE 2 )20, SN2 ANHEEER, NZA0EEE
SEATIR/NAE R R N 2 AR L, A — R R
WS, AN AN I ORI SRR T AL A
KFE, BEOMSEE N, ORI, A
W98 HAS [ J B ) 2 R 5 R AR A A TR], AR
4 0] W %% JE R R R b ik 4 R A R
67.88~109. 94 um, 5k 76.08~103. 17 um; F
Tk 4 % B % 66.63 ~ 105,32 um, i
63.62~96. 50 pm,, Ji R H KR4 T Ik 4R R
FEM AR ZES B E (P <0.05),

()= A oy AR S NG T o N 2 1 T
A AE F WK LA SAFAT k2 18], R Z40M T G, B
B ZEA AR A 2H 360K A0 A % HE 3 LT B3 OB
SRE DR YO8 S o N R 1 [ E S A =9 e e Ub v i)
JELRE K 29. 87 ~47.69 um, A5 RZEK 17. 32%,
A ERERZ R B E (P <0.05),
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F S50 T (PCA) S Z -8 br i Ak 4
JINEEA TR T A Fa b GE it i ik, &
T3 53 M iz FHRELE B T R 8 s A8 (B A A
Kk, MRS LA, &REERERHT 5 4> 3L
Iy B TTERRIA R T 80. 53%, REALFE 15
R ERE ROE SR A R bR EEE R, E
B 43 M AT LAFH TS [) A0 B o J B v it S5 R 7
W%,

S 2 X645 R R JE A R Y 32 o 4y
Brrl UL, 55— Bor i sTek R 8, i 37. 23%,
T HAE SRR EZ o, iR SPAThkYE
EAR TR | M RRIERE | b KRS R
B, XUCRRIE M AR K, BT DA —
TR W T I R SRS R S B Ry
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Table 4 Anatomical characteristics of leaf transverse section of Setaria viridis across 15 populations
g I L i I o 2 Bk PATRKARAE R PR
; Thickness Thickness Midrib bundle Parallel bundle Thickness of
Population f leaf f midrib i~ - i~ - bullif |
No. or lea Oor miari = T = B ullitorm ce
(um) (um) Height (um) Width(um) Height(um) Width(um) (um)
1 133.97 +4.34 def  193.30+5.18 ¢ 82.24+6.91 bc 102.44+0.89a 72.36+4.06 def 80.59+3.35 bcd 32.63+4.00 f
2 112.37 +1.56 f 19529 +31.17e  70.64+0.61d 76.08+1.05f 66.63+9.22f 63.62+166g 29.87+256 f
3 161.03 £5.34 cd 301.70+£19.09 cd 104.90+4.42a  101.91+365a 86.04+552bc  84.72+3.53 bc 43.86+9.04 bc
4 144.55 £9.74 de 212.76 £42.43 e 67.88+7.53 d 78.59 £5.67 f 70.30 +4.65 ef 69.42+3.09 fg  36.32 +1.45 cdef
5 158.69+£11.06 cde 248.27 +15.62 de 85.51+3.73 bc 90.41+3.10 de 76.63 +£8.07 cdef 73.12+6.33 def 33.94 +4.40 def
6 131.08 £11.74 ef 236.39+25.08 de  86.08 +4.28 bc 87.10+5.33de 73.71+1.93 def 73.92+3.47 def 35.18 +3.83 cdef
7 153.85+0.75 cde 208.46 £23.04 e 84.97 +11.87 bc  88.41+2.72 de 69.19 +8.59 ef 74.96 £0.92 def 52.48+8.73 a
8 17547 +19.41 bc  325.92+20.70 bc 92.69+7.06 b 88.46+0.90 de 83.23+0.99cd  75.84+3.08 def 42.26 +3.34 bcde
9 161.95+30.56 cd  260.02+2555de 91.15+7.99 b 92.90+399 cd 83.39+1251cd 80.19+4.22 bcd 31.24+2.78 f
10 145.04+£4.42 de 242.62+12.07 de  87.86+1.50 b 85.42+287 e 7232+247 def 71.07+3.72ef 3593205 cdef
11 14513+£17.18 de 25428 +15.63de 91.94+569 b 86.67+1.84e 80.23+4.71cde 75.99+6.96 def 38.71+5.94 bcdef
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15 190.38 +24.15 ab 386.18+108.02 b 109.94+12.75a 100.62+4.29ab 94.63+9.93 b 86.81+6.37 b 42.79 +6.64 bcd
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Fig. 2 Principal component analysis of
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